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1. 

MULTI-AXIS FORCE PLATFORM 

BACKGROUND 

Force platforms are commonly used for research and 
clinical studies in such fields as biomechanics, medical 
research, orthopedics, rehabilitation evaluation, pros 
thetic uses and engineering. A force platform can mea 
sure the amount of sway in a person's stance while the 
person stands on the platform. Force platforms accom 
plish this by measuring three orthogonal force compo 
nents along the x, y and z axes as well as moments about 
those axes. 
One recent proposed use of force platforms is for 

determining high lead levels in children. The amount of 
swaying in the child's stance while standing on the force 
platform is determined by measuring the force compo 
nents along the x, y and z axes as well as the moments 
about those axes. An appropriate signature analysis of 
the child's swaying is indicative of high lead levels. 
Many force platforms include multi-axis spring mem 

bers upon which a series of strain gauges are fixed for 
sensing loads along multiple axes. Electrical signals 
from the strain gauges are transmitted to an external 
amplifier which amplifies the signals to a sufficient volt 
age for processing in a computer. 

SUMMARY OF THE INVENTION 
One problem with force platforms which utilize 

strain gauges is that the addition of an external amplifier 
greatly increases the cost of the system. Additionally, 
the multi-axis springs utilized in current force platforms 
have a fixed but not necessarily optimal x or y axis to z 
axis output. Furthermore, these current multi-axis 
springs can be damaged if overloaded because they lack 
overload protection. Accordingly, there is a need for a 
force platform which does not require an external am 
plifier. There is also a need for a force platform having 
multi-axis springs which have reasonable strength along 
all three axes and cannot be damaged when overloaded 
while at the same time having a relatively low spring 
constant with an accompanying high sensitivity along 
the x and y axes. 
The present invention provides an apparatus for sens 

ing loads along multiple axes. The apparatus includes a 
multi-axis spring capable of deflecting along multiple 
axes while under load. The spring has a first region for 
receiving loads which is elastically coupled to a second 
region of the spring. The first region of the spring is 
capable of deflecting relative to the second region of the 
spring along multiple axes while under a load. A first 
magnet for producing a first magnetic field is affixed 
relative to one region of the spring. A magnetic sensor 
affixed relative to another region of the spring is posi 
tioned proximate to the first magnet and senses loads 
exerted on the spring by sensing the magnetic field 
produced by the first magnet. The intensity of the mag 
netic field varies with varying distance from the first 
magnet which varies depending upon the load exerted 
on the spring. The sensor provides output signals in 
response to the intensity of the sensed magnetic field 
which is proportional to the distance from the magnets. 

In preferred embodiments, loads are applied to the 
apparatus upon a platform which transfers the load to 
the first or interior region of the spring. A base supports 
the second or outer region of the spring. A second 
magnet for producing a second magnetic field is posi 
tioned apart from the first magnet and is affixed relative 
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2 
to the same region of the spring as the first magnet. The 
first and second magnetic fields produces a resultant 
magnetic field having an intensity which is sensed by a 
series of magnetic sensors positioned proximate to the 
magnets. The series of magnetic sensors provides output 
signals in response to the intensity of the sensed mag 
netic field which is proportional to the distance of the 
magnetic sensors from the magnets. The preferred em 
bodiment of the load sensing apparatus described above 
includes multi-axis springs of the design described be 
low. 

In operation, a load is applied to the platform of the 
apparatus which transfers the load to the first region of 
the spring. The load deflects the spring such that the 
first region of the spring moves relative to the second 
region of the spring. This varies the distance between 
the magnets and each magnetic sensor which, as a re 
sult, varies the magnetic field sensed by each magnetic 
sensor. The sensors provide signals having magnitudes 
indicative of the measured magnetic field. The magni 
tude of the signals provided by each magnetic sensor is 
then correlated into the load exerted on the spring as 
well as the direction in which the load is directed along 
the x, y and z axes. In addition, moments about the x,y 
and z axes can be calculated once plural magnitudes and 
directions of the loads are determined. 
The signals provided by the magnetic sensors in the 

present invention are of sufficient voltage to be pro 
cessed in a computer without high gain amplification. 
Therefore, an external amplifier is not required to oper 
ate the present invention load sensing apparatus. 
The present invention also provides a multi-axis 

spring which is formed from a block of rigid material. A 
pattern of slots passes through the block to form a series 
of deflectable beams separated from each other by the 
slots. The series of deflectable beams surround a first 
region of the spring and elastically couple the first re 
gion to a second region of the spring such that the first 
region is capable of deflecting relative to the second 
region of the spring along multiple axes while under a 
load. 

In preferred embodiments, each deflectable beam has 
a plurality of straight sections in which a right angle is 
formed. The first or interior region of the spring is 
capable of deflecting along the x, y and z axes relative to 
the second or outer region of the spring. The multi-axis 
spring has spring constants in the x and y axis which are 
equal to each other and a spring constant along the z 
axis which is typically greater than the spring constants 
along the x and y axes. For example, the ratio of the 
spring constant in the z axis to the spring constant in the 
x or y axis can be 10:1. 
The multi-axis spring is protected from being over 

loaded in the x and y directions in that movement of the 
first region of the spring relative to the second region is 
prevented once the beams have deflected enough to 
close the gaps between each other such that the first 
region and the beams are compressed against the second 
region of the spring. Overload protection in the z direc 
tion can be provided by securing the second region of 
the multi-axis spring to a base such that a gap exists 
between the first region of the spring and the base. The 
gap between the base and the first region of the spring 
provides overload protection in the z direction by pre 
venting further movement of the first region relative to 
the second region when the first region bottoms out on 
the base footing. 
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The present invention provides a multi-axis load sens 
ing apparatus which can measure loads along 3 axes and 
moments about 3 axes without the need for an external 
amplifier. Additionally, the present invention multi-axis 
spring provides a multi-axis spring having overload 
protection which has low spring constant in the x and y 
directions and a higher spring constant in the z direction 
which can be 10 times greater than the spring constant 
in the x and y directions. 
BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features and advan 
tages of the invention will be apparent from the follow 
ing more particular description of preferred embodi 
ments of the drawings in which like reference charac 
ters refer to the same parts throughout the different 
views. The drawings are not necessarily to scale, em 
phasis instead being placed upon illustrating the princi 
ples of the invention. 
FIG. 1 is a perspective view of the present invention 

multi-axis force platform. 
FIG. 2 is a plan view of the present invention force 

platform with the top platform removed. 
FIG. 3 is a partial sectional view of a portion of the 

force platform. 
FIG. 4 is a plan view of the present invention multi 

axis spring. 
FIG. 5 is a schematic drawing of the electrical con 

nections between the magnetic sensors. 
FIG. 6 is a plan view of another preferred embodi 

ment of the multi-axis spring. 
FIG. 7 is another preferred embodiment of the multi 

axis spring. 
DETAILED DESCRIPTION OF THE 

PREFERRED EMBODIMENT 

In FIG. 1, force platform 10 includes a top platform 
12 for receiving loads in the x, y and z directions. Top 
platform 12 provides a flat surface on which a person 
can stand and is supported by four multi-axis springs 26 
at positions A, B, C and D (FIG. 2). The interior region 
36 of each spring 26 (FIGS. 3 and 4) is secured to the 
top platform 12. The interior region 36 of spring 26 is 
elastically coupled to an outer region 34 by a series of 
deflectable beams 30a. The springs 26 are housed within 
an enclosure 14 and secured to enclosure 14 at the outer 
region 34 of spring 26 (FIGS. 2 and 3). Four base feet 16 
(FIGS. 1 and 3) support enclosure 14 and are bolted to 
the bottom of enclosure 14 and the outer region 34 of 
spring 26. 
Magnets 4.0a and 40b are affixed relative to the inte 

rior region 36 within cavity 38. Magnets 40a and 40b 
produce a magnetic field having an intensity which 
varies with distance from magnets 40a and 40b. Each 
spring 26 has a circuit board 42 containing magnetic 
sensors S1, S2, S3, S4 and S5 (FIGS. 3 and 4) which are 
positioned between magnets 4.0a and 40b within cavity 
38 and affixed to a base foot 16. The magnetic sensors 
S1, S2, S3, S4 and S5 sense the magnetic field produced 
by magnets 40a and 40b and produce output signals in 
response to the intensity of the magnetic field sensed. 
The signals produced by magnetic sensors S1, S2, S3, 
S4 and S5 are processed by circuit board 22. A connec 
tor 18 and cable 54 electrically connects computer 52 
with circuit board 22 for further processing signals 
received from circuit board 22. In addition, cable 54 
also provides power to force platform 10. 
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4 
In operation, a load L is exerted upon top platform 12 

which is generally provided by a person standing on top 
platform 12 (FIG. 1). Load L. can have a combination of 
x, y and z force components. Top platform 12 transfers 
the load evenly upon the interior region 36 of the multi 
axis springs 26 located at A, B, C and D (FIGS. 2 and 
3). The transferred load deflects the beams 30a of each 
spring 26 and moves the interior region 36 relative to 
the outer region34. This movement can be in the x, y or 
z axis, or along all three axes. The relative movement of 
interior region 36 to outer region 34 moves magnets 40a 
and 40b relative to magnetic sensors S1, S2, S3, S4 and 
S5 (FIGS. 3 and 4). This varies the distance of magnetic 
sensors S1, S2, S3, S4 and S5 from magnets 40a and 40b, 
thereby varying the intensity of the magnetic field 
sensed by each magnetic sensor. Each magnetic sensor 
S1, S2, S3, S4 and S5 produces a signal whose magni 
tude is relative to the intensity of the magnetic field 
sensed. Therefore, the magnitude of the signals pro 
duced by the magnetic sensors is indicative of the 
amount that interior region 36 has deflected relative to 
outer region 34. The signals are then correlated to the 
load exerted upon each multi-axis spring 26. By adding 
all the forces exerted upon each spring 26 at A, B, C and 
D, the total magnitude of load L as well as the direction 
of the load L along the x, y and z axes can be deter 
mined. In addition, by adding and subtracting load com 
ponents upon spring locations A, B, C and D, moments 
about the x, y and z axes of force platform 10 can be 
determined. 
A more complete description of force platform 10 is 

as follows. Referring to FIG. 3, a base foot 16 is bolted 
to each bottom corner of enclosure 14 and the outer 
region 34 of each spring 26 by screws 28a and tapped 
holes 28 (FIG. 2). Counterbored hole 28b allows the 
head of screws 28a to be recessed within each base foot 
16. A machined step on the bottom of each spring 26 fits 
into hole 50 within each bottom corner of enclosure 14 
to provide a gap “g” between each base foot 16 and the 
interior region36 of each spring 26. Gap "g' can be, for 
example, 0.010 inches which provides spring 26 with 
limited movement in the z direction, thereby, providing 
spring 26 with overload protection. When overloaded, 
interior region 36 will bottom out on base foot 16 
thereby, preventing further movement of interior re 
gion 3b relative to outer region 34 along the Z axis 
which can cause damage to spring 26. Cushion 16a is a 
rubber pad which is adhered to the bottom surface of 
base foot 16 to cushioned base foot 16 as well as to 
prevent contaminants from entering force platform 10. 

In the preferred embodiment, enclosure 14 and base 
16 are made of aluminum. However, alternatively, 
other suitable materials can be used such as steel, plas 
tics or composites. 
Top platform 12 has a plywood core 12b which is 

laminated with epoxy between two sheets of aluminum 
12a and 12c respectively. A flange 12d extends down 
ward from aluminum sheet 12a over the edge of ply 
wood core 12b and overlaps enclosure 14, thereby en 
hancing esthetics and preventing contaminants from 
entering force platform 10. Space 12e between flange 
12d and plywood core 12b is filled with epoxy. Alterna 
tively, top platform 12 can be made of a solid aluminum 
plate or other suitable materials. 
The interior region 36 of each spring 26 is secured to 

top platform 12 by bolts 48a. Bolts 48a pass through 
clearance holes 56 in base 16, clearance holes 48 in top 
magnet holder 24 and are fastened to inserts 48b. Inserts 
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48b are threaded sheet metal inserts which are epoxied 
within cavities 58. In the preferred embodiment, four 
bolts 48a secure the interior region 36 to top magnet 
holder 24 and top platform 12 (FIG. 2). Alternatively, 
any suitable number of bolts 48a can be employed. 

Bottom magnet 4.0a is held within a recess 60 at the 
bottom of cavity 38 in interior region 36. Top magnet 
40b is positioned within recess 62 in top magnet holder 
24 above and spaced apart from bottom magnet 40a. 
Top magnet holder 24 affixes top magnet 40b relative to 
the interior region 36 of spring 26. 
A circuit board 42 is positioned within cavity 38 of 

each spring 26 and is secured to a base foot 16 and the 
Outer region 34 of spring 26 by a series of screws 46a, 
spacers 44 and tapped holes 46. Magnetic sensors S1, 
S2, S3, S4 and S5 (FIG. 4) are fixed to circuit board 42. 
Sensors S2, S3, S4 and S5 form two pairs of upright 
opposing sensors located on opposite sides of magnets 
40a and 40b. Sensor S5 lies flat upon circuit board 42 
and is positioned between magnets 40a and 40b. The 
configuration of sensors S1, S2, S3, S4 and S5 upon 
circuit board 42 allows the sensors to sense changes in 
magnetic field intensity when magnets 40a and 40b are 
moved relative to the sensors along the x, y or z axes. 

Sensors S2 and S4 sense changes in magnetic field 
intensity along the x axis while sensors S3 and S5 sense 
changes along the y axis. In addition, sensor 1 senses 
changes in magnetic field intensity along the z axis. 

Referring to FIG.4, multi-axis spring 26 consists of a 
block of aluminum through which a series of U-shaped 
slots 30 are cut to form a series of L-shaped deflectable 
beams 30a which elastically couple the interior region 
36 to the outer region 34. The angles in deflectable 
beams 30a provide the deflectable beams 30a with 
greater length and deflection capability than if straight 
beams were employed. The width “w” of each slot 30 
can be for example 0.014 inches wide but can be made 
wider (for example 0.025 inches) in order to provide 
interior region 36 with greater movement along the x 
and y axes before the beams 30a compress against each 
other and bottom out. Movement of the interior region 
36 is limited by the width “w” of the slots 30 and pro 
vides overload protection for spring 26 in the xy plane. 

In the preferred embodiment, the slots 30 are ma 
chined through an electrical discharge machining pro 
cess by a wire type electrical discharge machine (wire 
EDM) in which a machining wire from the EDM ma 
chine is passed through holes 32 in order to begin the 
slots 30. Although four slots 30 are shown in FIG. 4, the 
number of slots 30 can vary. Additionally, the beams 
30a are shown to be of equal thickness "t', height "h' 
(FIG. 3) and length but these parameters can be varied. 
The thickness "t' of each beam 30a as well as the height 
"h' of spring 26 is dependent upon the spring constant 
desired. Table 1 depicts beam thickness "t' of 0.0652 
inches, 0.0787 inches and 0.0943 inches wide for spring 
heights h (FIG. 3) of 0.7 inches, 0.8 inches, 0.9 inches 
and 1 inch. 
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The spring constants of spring 26 in the x and y plane 

are equal in all directions as can be determined through 
a Mohr's circle analysis. However, the spring constant 
of spring 26 in the z direction can be ten times the spring 
constant in the x and y directions. This allows a heavy 
person (for example, 250 lbs) to stand on the platform 
without damaging or bottoming out spring 26 while at 
the same time measuring small forces (for example, 10 
or 20 lbs) in the x and y directions. 
The series of magnetic sensors S1, S2, S3, S4 and S5 

(FIG. 4) located at A, B, C and D (FIG. 2) are electri 
cally connected as shown in FIG. 5. Sensors S1, S2, S3, 
S4 and S5 of Group A are powered by line 106. Sensors 
S1, S2, S3, S4 and S5 of Group B are powered by line 
104. Sensors S1, S2, S3, S4 and S5 of Group C are 
powered by line 102. Sensors S1, S2, S3, S4 and S5 in 
Group D are powered by line 100. 
The outputs from each magnetic sensor S1 in Groups 

A, B, C and D are connected to output line 108. The 
outputs from each sensor S2 in Groups A, B, C and D 
are connected to output line 110. The outputs from each 
sensor S3 in Groups A, B, C and D are connected to 
output line 112. The output from each sensor S4 in 
Groups A, B, C and D are connected to output line 114. 
Finally, the outputs from each sensor S5 in Groups A, 
B, C and D are connected to output line 116. 

Signals from output lines 108, 110, 112, 114 and 116 
are transmitted to circuit board 22 which processes the 
signals and transmits the processed signals to computer 
52 (FIG. 1) via connector 18 and cable 54. Circuit board 
22 electrically zeros the output signals from each sensor 
with respect to zero load upon force platform 10. This 
is required because each magnetic sensor produces an 
output voltage in response to the sensed magnetic field 
when no loads are exerted on force platform 10. Addi 
tionally, circuit board 22 includes an analog to digital 
converter for converting the signals received from the 
magnetic sensors so that the signals can be processed by 
computer 52. Gains are assigned to the output signals 
from each sensor to compensate for any differences in 
the spring constants of the springs 26 located at A, B, C 
and D, or any differences between the sensors or mag 
nets to ensure that the output signals from each mag 
netic sensor are uniform for a given load. The magni 
tude of the gains are determined by calibrating force 
platform 10. 
Force platform 10 is calibrated by bolting force plat 

form 10 to a calibration apparatus via the tapped holes 
54 (FIG. 3) in each base foot 16. When calibrating force 
platform 10, a series of known loads are placed upon top 
platform 12 and gains are assigned to the outputs from 
each sensor S1, S2, S3, S4 and S5 located at A, B, C and 
D to compensate for the differences in spring constants, 
sensors and magnets. 
As mentioned earlier, the magnitude of the signals 

produced by sensors S1, S2, S3, S4 and S5 located at A, 
B, C and D is correlated into the force exerted on force 
platform 10. The force on any given spring 26 at "n” 

TABLE 1. 
0652 Inch Thick Beam 0.787 Inch Thick Bean .0943 Inch Thick Beam 

Spring KZ Kxy Kz/Kxy KZ Kxy Kz/Kxy K2. Kxy KZ/Kxy 
Height (in) (lbs/in) (lbs/in) Ratio (lbs/in) (lbs/in) Ratio (bs/in) (lbs/in) Ratio 

0.7 5408 533 10.15 5812 900 6.46 6935 526 4.54 
0.8 7745 615 12.59 8885 945 9.40 10511 
0.9 10433 716 14.57 11587 1262 9.18 12821 1695 7.56 
10 13887 823 16.87 1487. 1355 0.97 16206 2386 6.79 
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location (for example, n=either A, B, C or D) in the x 
direction is given by: 

Fnx = -(G4X V4)+(G2X V2) Eq. 1 

where: 
Gn4=gain assigned to sensor 4 at any given spring 

location 
Gn2=gain assigned to sensor 2 at any given spring 

location 
V4=output of sensor 4 at any given spring location 
Vn2=output of sensor 2 at any given spring location 
The force exerted on any given spring 26 located at n 

in they direction can be determined by: 
Fay-(GnsXV5)-(Gn3XV3) Eq. 2 

where: 
Gns=the gain assigned to sensor 5 at any given 

spring location 
Gn3 = the gain assigned to sensor 3 at any given 

spring location 
Vns=the output signal of sensor 5 at any given loca tion 
Vn3 = the output of sensor 3 at any given spring loca tion 
The force exerted upon any given spring 26 located at 

n in the z direction is determined by: 

where: 

Gn=the gain assigned to sensor 1 at any given 
spring location 

Vn1 = the output of sensor 1 at any given spring loca 
tion 

The total force exerted upon force platform 10 in the 
x direction is determined by adding all the force compo 
nents in the x direction found with Eq. 1 for each spring 
location A, B, C and D (FIG. 2) as follows: 

FixTotal=FAx--FBx+Fox--FDx Eq. 4 
where: 
FA, FBx, FC and FDx are the x components of the 
force exerted on the springs 26 located at A, B, C and D. 

The total force component which is exerted upon 
force platform 10 in they direction is determined by 
adding all the force components in they direction found 
with Eq. 2 for each spring location as follows: 

FyTotal= FAy+FBy--Foy--FDy Eq. 5 

where: 

FA, FB, Fo, FD, are they components of the force 
exerted on the springs 26 located at A, B, C and D. 

The total force exerted upon force platform 10 in the 
z direction is determined by adding all the z compo 
nents of each spring 26 found with Eq 3 at each loca 
tion A, B, C and D as follows: 

where: 
FAz, FBz, FCz, FD are the z components of the force 
exerted on the springs 26 located at A, B, C and D. 
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8 
The moment about the x axis of force platform 10 can 

be determined with the following equation: (where l is 
the x or y distance from platform center to any spring) 

Mx=(FB--- FCz-FAz-FD2)Xl Eq. 6 

The moment about the y axis of force platform 10 can 
be determined with the following equation: 

My=(FCz+FD-FAz-FB)Xl Eq. 7 

The moment about the z axis of force platform 10 can 
be determined with the following equation: 

Eq. 8 

The push-pull arrangement of employing opposing 
pairs of magnetic sensors doubles the output and cancels 
out cross talk. Alternatively, a single magnetic sensor 
can be employed to sense magnetic fields along each 
axis instead of employing opposing pairs of magnetic 
sensors. However, such an arrangement runs the risk of having higher cross talk. 
The outer geometry of the outer region of multi-axis 

springs 26, 130 and 70 (FIGS. 4, 6 and 7) is shown to be 
rectangular but alternatively, other suitable geometries 
can be employed such as circular or polygonal geome 
tries. Additionally, the pattern of deflectable beams can 
be polygonal, ranging anywhere between the triangular 
pattern of spring 70 to the spiral pattern of spring 130. 

In FIG. 6, another preferred embodiment of the pres 
ent invention is depicted. Multi-axis spring 130 has a 
series of spiral slots 134 spiraling from starter holes 132 
to form a series of deflectable beams 134a. Deflectable 
beams 134a elastically couple the interior region 138 to 
the outer region 140. Although only three beams 134a 
are shown, a greater or lesser number of beams 134a can 
be employed on multi-axis spring 130. 
FIG. 7 depicts another preferred embodiment of the 

present invention. Multi-axis spring 70 has a series of 
slots 74 originating from starter holes 72 which form a 
series of deflectable beams 74a surrounding interior 
region 80 in a triangular pattern. Beams 74a elastically 
couples interior region 80 to outer region 82. 
Although force platform 10 has been shown to in 

clude four multi-axis springs (FIG. 2), force platform 10 
can include only a single multi-axis spring 26. A single 
multi-axis spring employed in the force platform can 
have four sets of magnets and sensors within the interior 
region so that the single multi-axis spring can measure 
moments as well as forces about the x, y and z axes. 
Additionally, force platform 10 does not have to in 
clude multi-axis springs of the design shown, but can 
include multi-axis springs of other designs. 
While this invention has been particularly shown and 

described with references to preferred embodiments 
thereof, it will be understood by those skilled in the art 
that various changes in form and details may be made 
therein without departing from the spirit and scope of 
the invention as defined by the appended claims. 
We claim: 
1. A multi-axis spring comprising; 
a planar block of rigid material having a first region 
circumscribed by a plurality of non-linear deflectable 
beams, said beams surrounding the second region 
and elastically coupling the first region of the block 
to the second of the block such that the first region 
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of the block is deflectable relative to the second 
region along multiple axes while under load, and a 
sensor for sensing loads on the block. 

2. The multi-axis spring of claim 1 in which the sensor 
comprises a magnetic sensor. 5 

3. The multi-axis spring of claim 1 in which the sensor 
comprises: 
a first magnet for producing a first magnetic field, the 

first magnet affixed relative to one region of the 
block; and 

a plurality of magnetic sensors positioned proximate 
to the first magnet and affixed relative to another 
region of the block for sensing magnetic fields, the 
intensity of the first magnetic field varying with 
varying distance from the first magnet, the series of 15 
sensors providing output signals in response to the 
intensity of the sensed magnetic field which is pro 
portional to the distance of the magnetic sensors 
from the first magnet. 

4. The multi-axis spring of claim 3 further comprising 
a second magnet for producing a second magnetic field 
positioned apart from the first magnet and affixed rela 
tive to the same region of the block, the first and second 
magnetic fields producing a resultant magnetic field 
between the first and second magnets which is sensed 
by the series of magnetic sensors. 

5. The multi-axis spring of claim 4 in which the series 
of magnetic sensors comprises: 
two pairs of opposed magnetic sensors positioned 

proximate to the first and second magnets such that 
each magnetic sensor in a magnetic sensor pair is 
separated from the opposing magnetic sensor by 
the first and second magnets, the magnetic sensors 
being positioned along a plane perpendicular to an 
axis passing through the first and second magnets; 
and 

a single magnetic sensor positioned between the first 
and second magnets. 

6. An apparatus for sensing loads along multiple axes 
comprising: 
a spring having a first member, for receiving loads, 
which is elastically coupled to a second member of 
the spring by an elastic member capable of deflect 
ing along multiple axes such that the first member 
of the spring is capable of significant deflection 
relative to the second member of the spring along 
multiple axes while under a load; 

a first magnet for producing a first magnetic field 
affixed relative to one member of the spring; and 

a magnetic sensor affixed relative to another member 
of the spring and positioned proximate to the first 
magnet for sensing loads exerted on the spring by 
sensing the magnetic field produced by the first 
magnet, the intensity of the magnetic field varying 
with varying distance from the first magnet which 
varies depending upon the load exerted on the 
spring, the sensor providing output signals in re 
sponse to the intensity of the magnetic field sensed 
which is proportional to the distance from the 
magnets, the sensor sensing loads exerted on the 
spring in directions along multiple axes by sensing 
magnetic field intensity along multiple axes. 

7. The apparatus of claim 6 further comprising a 
second magnet for producing a second magnetic field 
positioned apart from the first magnet and affixed rela 
tive to the same member of the spring, the first and 
second magnetic fields producing a resultant magnetic 
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10 
field between the first and second magnets which is 
sensed by the magnetic sensor. 

8. The apparatus of claim 7 in which the magnetic 
sensor comprises: 
two pairs of opposed sensor elements positioned 

along a plane perpendicular to an axis passing 
through the first and second magnets proximate to 
the first and second magnets such that each sensor 
element in a sensor element pair is separated from 
the opposing magnetic sensor element by the first 
and second magnets; and 

a single sensor element positioned between the first 
and second magnets. 

9. The apparatus of claim 8 in which the multiple axes 
are x, y and z axes, with the z axis extending parallel to 
the axis passing through the first and second magnets. 

10. The apparatus of claim 9 in which the spring 
constant in the z axis is greater than the spring constants 
in the x and y axes. 

11. The apparatus of claim 6 in which the multi-axis 
spring comprises: 

a block of rigid material; 
a pattern of slots passing through the block to form a 

series of deflectable beams separated from each 
other by the slots, the series of deflectable beams 
surrounding the first member of the spring and 
elastically coupling the first member of the spring 
to the second member of the spring. 

12. The apparatus of claim 11 in which the deflectable 
beams have straight sections. 

13. The apparatus of claim 12 in which each deflect 
able beam has a plurality of straight sections angled 
relative to each other. 

14. The apparatus of claim 13 in which each deflect 
able beam has a right angle formed in the beam. 

15. The apparatus of claim 7 further comprising: 
a platform upon which loads are applied, the platform 

transferring the applied loads to the first region of 
the spring; and 

a base for supporting the second member of the 
spring. 

16. The apparatus of claim 15 further comprising a 
plurality of multi-axis springs. 

17. The apparatus of claim 6 in which the first mem 
ber of the spring is an interior member of the spring and 
the second member of the spring is an outer member of 
the spring. 

18. An apparatus for sensing loads along multiple axes 
comprising: 
a spring capable of deflecting along multiple axes, the 

spring having a first member for receiving loads, 
which is elastically coupled to a second member of 
the spring such that the first member of the spring 
is capable of deflecting relative to the second mem 
ber of the spring along multiple axes while under a 
load; 

a first magnet for producing a first magnetic field 
affixed relative to one member of the spring; 

a second magnet for producing a second magnetic 
field positioned apart from the first magnet and 
affixed relative to the same member of the spring, 
the first and second magnetic fields producing a 
resultant magnetic field between the first and sec 
ond magnets; and 

a magnetic sensor affixed relative to another member 
of the spring and positioned proximate to the first 
and second magnets for sensing loads exerted on 
the spring by sensing the resultant magnetic field 
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produced by the first and second magnets, the 
intensity of the resultant magnetic field varying 
with varying distance from the first and second 
magnets which varies depending upon the load 
exerted on the spring, the sensor providing output 
signals in response to the intensity of the magnetic 
field sensed which is proportional to the distance 
from the magnets, the magnetic sensor comprising: 
two pairs of opposed sensor elements positioned 

proximate to the first and second magnets such 
that each sensor element in a sensor element pair 
is separated from the opposing magnetic sensor 
element by the first and second magnets, the 
sensor elements being positioned along a plane 
perpendicular to an axis passing through the first 
and second magnets; and 

a single sensor element positioned between the first 
and second magnets. 

19. The apparatus of claim 18 in which the multiple 
axes are X, y and Z axes, with the z axis extending paral 
lel to the axis passing through the first and second mag 
etS. 

20. The apparatus of claim 19 in which the spring 
constant in the Z axis is greater than the spring constants 
in the x and y axes. 

21. The apparatus of claim 18 in which the multi-axis 
spring comprises: 
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12 
a block of rigid material; 
a pattern of slots passing through the block to form a 

series of deflectable beams separated from each 
other by the slots, the series of deflectable beams 
surrounding the first member of the spring and 
elastically coupling the first member of the spring 
to the second member of the spring. 

22. The apparatus of claim 21 in which the deflectable 
beams have straight sections. 

23. The apparatus of claim 22 in which each deflect 
able beam has a plurality of straight sections angled 
relative to each other. 

24. The apparatus of claim 23 in which each deflect 
able beam has a right angle formed in the beam. 

25. The apparatus of claim 18 further comprising: 
a platform upon which loads are applied, the platform 

transferring the applied loads to the first member of 
the spring; and 

a base for supporting the second member of the 
spring. 

26. The apparatus of claim 25 further comprising a 
plurality of multi-axis springs. 

27. The apparatus of claim 18 in which the first mem 
ber of the spring is an interior member of the spring and 
the second member of the spring is an outer member of 
the spring. 


